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Abstract 

We compute the decay of an unstable D9 brane in type IIA string 
theory including backreaction effects using an effective field theory ap- 
proach. The open string tachyon on the brane is coupled consistently 
to the space-time metric, the dilaton and the RR 9-form. The purpose 
of this note is to address the fate of the open string energy density, 
which remains constant if no interaction with the closed string modes 
is included. Our computations show that taking only into account the 
coupling to the massless closed strings the total energy stored in the 
open string sector vanishes asymptotically, independently how small 
one chooses g s . We find also the large time behaviour of the fields in 
the Einstein and string frames. 
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1 Introduction 



In recent years much progress has been made in the study of some nonpertur- 
bative aspects of string theory. The static properties of stable and unstable 
D-branes are by now well understood. According to Sen's conjecture JJJ, an 
unstable brane starts rolling down the potential towards the closed string 
vacuum, where there are no more perturbative open string states. This has 
been studied in the 'static' context from various points of view PUSH]- 

Recently some more dynamical aspects have attracted a lot of attention, 
in particular the process of unstable D-brane decay in real time starting from 
some initial configuration. Since the unstable D-brane is described by some 
tachyon profile one is led to study time-dependent tachyon dynamics. Such 
an exact time dependent solution of open string theory at g s = was found 
by Sen j^]. It can be described as a free field BCFT with the insertion of an 
exact marginal operator on the boundary. 



This boundary operator identifies the time- dependent classical tachyon pro- 
file living on the brane. The calculated energy density stored in the open 
strings is then naturally constant with time. This leads at the end of the 
evolution to a pressureless tachyon matter. See [7] for a selection of time- 
dependent solutions in different settings. 

The key question is then what are the properties of the final state of the 
time evolution once we allow for a nonvanishing string coupling g s ^ 0. Or 
formulated differently: is pressureless tachyon matter purely an artefact of 
the 'noninteracting' solution ((TJ? 

In (HI El EI] open string creation has been argued to destabilize the tachyon 
matter. From the boundary state perspective, the time dependent tree level 
couplings to the closed strings can be relatively easily computed [HI ITT] . 
Subsequently the creation of closed strings from the decaying brane has been 
calculated [T2] . It was found, in some cases, that the total emitted energy 
diverges. The problem was traced to neglecting the backreaction of the emit- 
ted closed string excitations (gravitons etc.). In other words, the decaying 
brane emits gravitons which modify the closed string background which in 
turn modifies the evolution of the boundary state. However this modifica- 
tion of the closed string background and closed string self-interactions seem 
to be extremely difficult if not impossible to implement in the worldsheet 




(1) 
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perspective. For more recent work on string production and backreaction see 

In this note we want to study the evolution of an unstable D9 brane in 
type IIA string theory. We want mainly to concentrate on the fate of the 
open string energy density. 

The correct theoretical framework for describing such an interacting sys- 
tem would be an open-closed string field theory. However we lack a workable 
concrete formalism (but see [H]) especially in the superstring case. It may 
also be possible to embed closed strings in a purely open string framework 
[3], however they may be represented only in a rather singular form, and 
any description of a closed string background in this manner seems to be 
completely beyond our reach. 

For these reasons we decided to adopt an effective action approach and 
couple the tachyon effective action Ei] to the low energy supergrav- 
ity action for the massless closed string modes and to study the resulting 
temporal evolution. 

We note that the coupling of tachyon matter to gravity has already been 
studied, however, the emphasis was on different questions than the ones that 
we want to consider. On the one hand, people studied the coupling of bosonic 
tachyonic matter in 4D to (4D) general relativity and studied it as a possible 
source of inflation (in the 'real world') OEj. On the other hand, a more 
related study investigated the supergravity solutions corresponding to SDp 
branes [13113120112111231, which were introduced in [23|. 

As stressed before, our motivation is different. We want to determine 
whether in the large t limit there is still open string matter or whether it has 
all been transformed into closed string modes or whether there is some kind 
of intermediate solution. As a criterion for the disappearance of open strings 
we will calculate the energy density of the tachyon matter (which is a source 
for the gravitational field) and see if it vanishes in the large t limit. 

Moreover, from the technical point of view, we want to consider the full 
system with all the relevant supergravity fields like the dilaton and the RR- 
form. In addition we start from the tachyon below the tip of the potential 
(i.e. we have static initial conditions in order for the whole evolution to come 
from the decay of the unstable D-brane and not from the additional initial 
kinetic energy of the tachyon), while in the case of SDp brane solutions the 
opposite conditions had to be imposed [inil2I]- We also choose to work in 
the Einstein frame in order to have clearer notions of energy densities. 

The plan of this paper is as follows. In section 2 we briefly recall the 
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effective action description of the rolling tachyon without backreaction. In 
section 3 we derive the equations of motion for the supergravity+tachyon 
system, and in section 4 we present the main results coming from the numer- 
ical solutions and discuss the asymptotic regime. We close the paper with a 
discussion. 



2 The rolling tachyon without backreaction 

An (approximate) effective action describing the dynamics of the open string 
tachyon has been proposed by Sen [Hj: 

J d p+1 xV(T)^Jdet( V , u + d,Td v T) (2) 

The particular choice of V(T) [22] 



leads to the dynamics very similar to the one obtained from the exact BCFT 
(0). The solution to the EOM of with the initial conditions T(0) = T 
and T(0) = is 



T{t) = v^arcsinh 



sinh f — f= | cosh ( — = 
\V2 \V2, 



(4) 



For large t one has T(t) ~ t. Note that this is quite different from the BCFT 
profile However there may well be some field redefinition between the 
two approaches. Invariant information is encoded in the energy momentum 
tensor. We can thus use the T 00 component to match the A parameter of the 
BCFT profile and the effective action solution: 

1 + cos (2ttA) i 

Tm= * ^^W) (5) 

The static initial boundary conditions thus always correspond to evolution 
from below the tip of the tachyon potential. 

The advantage of the specific choice of Q is that the functional t-dependent 
form of the 7# component is the same as for the exact BCFT profile (note 
however that then the matching of parameters is slightly different from (JHJ)). 
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3 Coupling to supergravity fields 



We will now specialize to the the decay of an unstable D9 brane in type 
IIA superstring theory. The reason for that is that we want to have a well 
defined bulk closed string theory (no closed string tachyon) and with the 
above spacefilling brane all the supergravity equations reduce just to ordinary 
differential equations which can be easily solved numerically. 

The relevant supergravity fields will be the metric g^, the dilaton <3> and 
the RR 9- form Cg. The SUGRA action for these fields (in the Einstein frame) 
is 

s — = iftk / dl ° x ( R - \rw - jAt 

(6) 

where we used massive IIA SUGRA (25] and F 10 = dCg. 

The effective action for the tachyon coming from the unstable D9 brane 
is the curved space analogue of (J2J) with a Chern-Simons coupling to the RR 
9-form: 

S T = j^^(-Jd 10 xe- ,s >V(T)V^drtA + f(T) JdTAC^ (7) 



where 
and 



V = 9Z- + d^TdvT = es^V + ^Td v T (8) 



A = (9) 

For the CS coupling we take, following [TH], f(T) = V(T). We use the 
potential V(T) = 1/cosh (T/V2). 

Throughout the paper we use the Einstein frame metric in order to have 
a conventional interpretation for the energy density (the energy momentum 
tensor is obtained using variations w.r.t. the Einstein frame metric). 

The SO (9) symmetry of the unstable D9 brane decay allows us to make 
the ansatz: 

ds 2 = -dt 2 + a 2 (t)((dx 1 ) 2 + ...) (10) 
C 9 = C{t)dx l A . . . dx 9 (11) 
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and, of course, T = T(t) and $ = $(£). Then the Einstein tensor is 



a 2 



Goo = 36- (12) 



a 2 

Gu = -28a 2 -8aa (13) 

and the Einstein equations are G^ = T^. The energy momentum tensors 
for the relevant fields are 

T 00 [$] = U> 2 T«[*] = (14) 

T 00 [C 9 ] = ie-f^^a- 18 T lt [C 9 ] = -\e~i *(7V 16 (15) 

and 

T -P1 = T^f^l^)^^- 1 )^ (16) 

Hence 

T 00 [T] = ^1*^2 r«[T| = -^ef«V(T)VAa 2 (17) 



where 3 

A = l- e -5*T 2 (18) 
In addition to the Einstein equations we have EOM for the matter fields: 

t-\% + V + £t + ^% = -s*cVE e -* (19) 

j (e-^a- 9 C) = \V(T)t (20) 



I („•*) = 4-!. a -e. - A MV(T) |^A + ] (21) 



d 

di ^ V 4^ * " '"' ' v ^ 7 \ 2 v " ' 4v/A 

4 Numerical results 

We solve numerically the equations (fTT?j) - (j2T]) and the first order equation for 
a(t): 

36^ = T 00 [$] + T 00 [C 9 ] + T 00 [T] (22) 



3 Note that due to the fact that we are using the Einstein frame, A is different from the 
one in e.g. [T§] . 
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The second Einstein equation (Gu = To) is not independent and as a cross- 
check we verified numerically that it is indeed satisfied. We also checked 
explicitly that the total energy momentum tensor is covariantly conserved. 

We choose the initial conditions T(0) = T , T(0) = $(0) = $(0) = 
C(0) = (7(0) = and a(0) = 1 i.e. initially at t = we have the D9 brane 
in ordinary flat Minkowski space. The initial condition for a is not a free 
parameter but is determined by the einstein equation: 



(23) 



d 1 

' ~ 6\| 2cosh(T / v / 2) 

Note that we always choose explicitly a positive initial Hubble parameter. 

Numerically the system of equations is difficult to solve and we had to use 
high precision calculations. Nevertheless still we could not reach asymptotic 
values of t (e.g. t < 60 for T(0) = 0.5). The reason for the numerical 
instability is the expression for the tachyon energy 

The numerator is exponentially suppressed, but A also exponentially aproaches 
zero. In order to circumvent the problem we derived an approximate expres- 
sion for A and used it for evolving the system to large t with initial conditions 
obtained at some intermediate time to from the exact evolution. In this way 
we can reach very long times (beyond t = 100000 for T(0) = 0.5). We 
checked that the solutions of the asymptotic set of equations coincide almost 
exactly with the exact solutions in the common domain of validity. 

Let us briefly summarize the key features of the above simplifications. 
Firstly, the equation for the RR form can be solved exactly: 

„, . r nt) 

e - 



r . [1 It) 

i*a- g C = A / V(T)dT (25) 



IT 

For large t, since T(t) — > oo the above quantity reaches a constant C: 



e'^a' 9 C — > C = ^= - 2V2X arctan 



(26) 



Secondly, since A approaches exponentially we may identify (up to expo- 
nentially supressed terms) 

f = (27) 



6 



2 4 6 8 10 

Figure 1: Tachyon energy density as a function of t (for T(0) = 0.5 and 
A = 1). The dashed line shows the energy density without backreaction 
taken into account. 

Neglecting the terms in the tachyon EOM (|T9"j) which are proportional to 
y/A, approximating (l/V)dV/dT ~ — l/y/2 and using (|27jl we obtain 

|(logA) = -V2T + ^ + 4 (28) 

which yields 

yfK = const^e'^e^a 9 (29) 
The resulting tachyon energy density behaves asymptotically as 

T 00 [T] ~ A • const ■ a~ 9 e^ (30) 

The constant is fixed from the numerical solution of the exact equations. 

Tachyon energy density 

The main motivation for this paper was to study the influence of the back- 
reaction of the emitted closed string fields on the rolling tachyon dynamics. 
In particular we study the behaviour of the energy contained in the open 
string sector, which would remain constant without backreaction taken into 
account. In figure 1 we plot the time evolution of the tachyon energy density 

71471 = ^eS'^l (31) 

We see that it goes to zero. Moreover this is not due just to the vanishing 
of the dilaton prefactor as can be verified using the asymptotic behaviours 
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Figure 2: The coupling of the tachyon to the RR 9-form. 
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Figure 3: Verification of the asymptotic scaling behaviour of the dilaton and 
the scale factor, a) H as a function of t, b) $£ as a function of t. 

derived in the following section. The same asymptotic vanishing can be seen 
to hold also for the combination ^— det gT 00 [T]. In figure 2 we also plot the 
coupling to the RR 9-form XV(T)T which eventually also vanishes. 

The above results indeed support the hypothesis that the whole energy 
initially concentrated in the open string modes gets transferred into the closed 
string sector, no matter how small one chooses g s . However as we find below, 
the asymptotic geometry is not flat static Minkowski space but rather a 
weakly expanding background with nontrivial dilaton and RR 9-form fields. 

Asymptotic region 

In the asymptotic region we obtain the set of equations 

* + 9-6 + -C 2 e^ = -\t 00 [T] (32) 



18 ^-? 8^ 2ef * = r oo[T] (33) 

where T o[T] is substituted by (j37Jj) and C is defined in (J2HJ). 

We will now heuristically determine the asymptotic scaling dependence of 
the fields. Assuming a power law dependence e* ~ t a , a ~ and requiring 
that a// the terms in the above asymptotic expressions are of the same order 
of magnitude (i.e. ~ t~ 2 ) we obtain 

e* w ~ H (34) 

a(t) ~ t* (35) 

and using T ~ e*/ 4 we get 

T(t) ~ (36) 

We verified numerically that the above scalings indeed do set in, but only at 
very large times (see figure 3). Indeed the approach to asymptotics is quite 
slow and due to the complexity of the equations we were unable to quantify 
it further. 

The RR 9- form behaves asymptotically as C(t) ~ t 4//5 , which is a direct 
consequence of (ffi)J) and the above results. With the above asymptotics, the 
energy momentum tensors T 00 [. . .] behave like 1/t 2 , and although they vanish 
asymptotically they are still able to drive a weak power-law expansion of the 
space-like geometry. 



Asymptotic region in the string frame 

It is interesting to see how the asymptotic region looks like in string frame 
since it is the string frame metric which appears in the (closed) string sigma- 
model. Using the relation g s J™ n9 = ^^9^ v we get for our ansatz: 

ds 2 strmg = -e^dt 2 + e^a 2 (t)dx 2 = -dt' 2 + a 2 strmg (t')dx 2 (37) 

where we introduced natural string-frame time coordinate t'. It is easy to 
check that the new time is related asymptotically to the Einstein-frame co- 
ordinate through 

t' ~ P (38) 
The string frame scale factor then reaches asymptotically a constant: 

String = e^d 2 {t) ~ COUSt. (39) 
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Therefore the asymptotic metric seen by the strings is just flat Minkowski 
space —dt' 2 + dx' 2 . Yet this is not the background of the classical flat space 
as the dilaton and the RR 9-form still have nontrivial if dependence: 

e* ~ - C ~ if (40) 

thus the effective string coupling constant vanishes for large times. 

Note that has a different behaviour than the one discussed in [T9] . 
In that paper the authors found that the Einstein metric saturates while the 
string frame metric collapses. One might think that this has to do with the 
different initial condition they use: in the SDp brane context the natural 
initial conditions are of the type T(0) 7^ and T(0) = which correspond to 
an initial energy density above the tip of the potential. One could thus ex- 
pect qualitatively that the resulting additional energy density may be enough 
to cause string-frame gravitational collapse (or stop the Einstein frame ex- 
pansion that we observe). However we checked explicitly that these initial 
conditions T(0) = and T(0) 7^ lead qualitatively to the same asymptotic 
behaviour that we obtained. 

We also verified that if one where to continue these solutions into the past 
one would encounter singular behaviour. This however is beyond the scope 
of this note as we are mainly interested in the dynamics of the time evolu- 
tion from some initial configuration and so we do not care how this initial 
configuration was prepared in the first place. See [213 EE] for a discussion of 
singularity theorems in the tachyon matter context. 



5 Discussion 

In this note we found a solution corresponding to a decaying unstable D9 
brane in type IIA string theory. The decaying brane is described by a time 
dependent tachyon profile and is coupled consistently to the graviton, the 
RR 9-form and the dilaton. Note once more that we were interested in static 
initial conditions with positive initial Hubble parameter. 

The resulting asymptotic spacetime dynamics is described by a weak 
power-law expanding FRW metric. Our computation shows that the energy 
density stored in the tachyonic open string sector is transferred completely 
into the closed string sector. The large time behaviour is described by a 
Minkowskian string-frame metric supplemented by a time-dependent RR9 
form C ~ i' and a decreasing string coupling ~ 1/if. 
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It would be very interesting to see how the inclusion of massive closed 
strings modifies the advocated picture. There is no a priori reason to neglect 
the massive closed string states, only then we do not have an analogous 
effective action description. However, we have shown that it is enough to 
include just the massless closed string modes to get T o[T] — > 0. We believe 
that it would be very improbable that the inclusion of massive closed string 
states would undo this qualitative behaviour. 

Note that the limit when we approach the tip of the potential is somewhat 
singular. With the static initial conditions X"(0) = this corresponds to 
T(0) = which leads, since the ODE's are 2nd order, just to a constant 
vanishing tachyon T(t) = 0. The precise behaviour thus depends on the 
detailed form of the action for small T (and possibly multiple derivative 
extensions) - therefore perhaps different treatment is needed. We leave this 
case as an interesting open problem. 

Acknowledgments RJ was partially supported by KBN grant 2P03B09622 
(2002-2004). YD is supported in part by the Federal Office for Scientific, 
Technical and Cultural Affairs through the Interuniversity Attraction Pole 
P5/27 and in part by the European Community's Human Potential Pro- 
gramme under contract HPRN-CT-2000-00131 Quantum Spacetime and by 
an EC Marie Curie Training site Fellowship at Nordita, under contract num- 
ber HPMT-CT-2000-00010. 



References 

[1] A. Sen, JHEP 9808 (19 98) 012 |arXiv:hep-th/9805170|. A. Sen, J HEP 
9912 (1999) 027 |arXi v:hep-th/9911116| . A. Sen, |arXiv:hep-th/9904207| 

[2] P. Yi, Nucl. Phys. B 550 (1999) 214 |arXiv:hep-th/9901159| ; 
O. Bergman, K. Hori and P. Yi, Nucl. Phys. B 580 (2000) 289 
|arXiv:hep-th/0002223|; G. W. Gibb ons, K. Hori and P. Yi, Nucl. Phys. 

B 596 (2001) 136 |arXiv:hep-th/000906T|. 

A. Sen, J. Math. Phys. 42 (2001) 2844 |arXiv:hep-th/0010240| . 

A. A. Gerasimov and S. L. Shatashvi li, JHEP 0101 (2001 ) 019 

|arXiv:hep-th/0011009| ; S. L. Shatashvili, [arXiv:hep-th/0105076| 

[3] H. Hata and S Teraguchi, JHEP 0105 (2001) 045 
|arXiv:hep-th/0101162| . 



11 



I. Ellwood and W. Taylor, Phys. Lett. B 512 (2001) 181 
|arXiv:hep-th/0103085| ; 

I. Ellwood, B. Feng, Y . H. He and N. Moeller, JHEP 0107 (2001) 016 
|arXiv:hep-th/0105024| . 

[4] G. Moore and W. Taylor, JHEP 0201 (2002) 004 
|arXiv:hep-th/0111069| . 

A. Hashimoto and N. Itzhaki, JHEP 0201 (2002) 028 
|arXiv:hep-th/0111092|. 



D. Gaiotto, L. Rastelli, A. Sen and B. Zwiebach, arXiv:hep-th/0111129 



M. Alishahiha and M. R. Garousi, Phys. Lett. B 536 (2002) 129 
|arXiv:hep-th/0201249| . 

J. Ambjorn and R. A. Janik, Phys. Lett. B 538 (2002) 189 
|arXiv:hep-th/0203185| . 

[5] M. R. Garousi, Nucl. Phys. B 584 (2000) 284 |arXiv:hep-th70003122 



[6] A. Sen, JHEP 0204 (2002) 048 |arXiv:hep-th/0203211|. A. Sen, JHEP 
0207 (2002) 06 5 |arXiv:hep-th/0203265| . A. Sen, Mod. Phys. Lett. A 
17 (2002) 1797 |arXiv:hep-th/0 20414 37^A. Se n, JHEP 0210 (2002) 003 
|arXiv:hep-th/0207105| . A. Sen, |arXiv:hep-th/0209122| 

[7] F. L arsen, A. N aqvi and S. Terashima, JHEP 0302 (2003) 039 
|arXiv:hep-th/0212248| . 

P. Mukhopadhyay and A. Sen, JHEP 0211 (2002) 047 
|arXiv:hep-th/0208142| . 

S. J. Rey and S. S ugimoto, Phys. Rev. D 67 (2003) 086008 
larXiv:hep-th/0301049| . 

N. Moeller and B. Zwiebach, JHEP 0210 (2002) 034 



arXiv:hep-th/0207107 




J. Kluson, 




J. Kluson, arXiv:hep-th/0208028 


rarXiv:hep-th/0209255| 



|arXiv:hep-th/0301137| 

A. Ishida and S . Uehara, JHEP 0302 (2003) 050 
|arXiv:hep-th/0301179| . 

A. Strominger , ||arXiv:hep-th /0209090 



[9] M. Gutperle and A. Strominger, |arXiv:hep-t"h/0301038 



12 



[10] A. Maloney, A. Strominger and X. Yin, |arXiv:hep-th /0302146 

[11] T. Okuda and S. S ugimoto, Nucl. Phys. B 647 (2002) 101 

|arXiv:hep-th/0208196| . 

N. R. Constable and F. Larsen, |arXiv:hep-th/0305177 



[12] N. Lambert, H. Liu and J. Maldacena, arXiv:hep-th/0303139, 

[13] S. S. Gubser, |aTXiv:hep-th/0305099| 

J. McG reevy and H. Verlinde, |arXiv:hep-th/0304224 

A. Sen, |arXiv:hep-th/0305011| 

I. R. Klebanov, J. Maldacena and N. Seiberg, arXiv:hep-th/0305159 

[14] B. Zwiebach, Annals Phys. 267 (1998) 193 |arXiv:hep-th/9705241| . 

[15] D. Kutasov, M. Marin o and G. W. Moore, JHEP 0010 (2000) 045 
|arXiv:hep-th/ 0009148|. D. Kutasov, M. Marino and G. W. Moore, 
|arXiv:hep-th/0010lb"8T 

S. Sugimoto and S. Terashima, JHEP 0207 (2002) 025 

|arXiv:hep-th /0205085|. 

J. A. Minahan, JHEP 0207 (2002) 30 larXiv:hep-th/020509"8| . 
D. Kutasov and V. Niarchos, arXiv:hep-th/0304045 



[16] A. Mazumdar, S. Panda and A. Perez-Lorenzana, Nucl. Phys. B 614 
(2001) 101 |arXiv:hep-ph/0107058| . 

[17] C. j. Kim, H. B. Kim and Y. b. Kim, Phys. Lett. B 552 (2003) 111 

|arXiv:hep-th/0210101| . 

G. W. Gibbons, Phys. Lett. B 537 (2002) 1 |arXiv:hep-th/0204008| . 
For an extensive list of references see e.g. G. W. Gibbons, 
|arXiv:hep-th/0301117| 

[18] M. Kruczenski, R. C. Myers and A. W. Peet, JHEP 0205 (2002) 039 
|arXiv:hep-th/0204144| . 

C. M. Chen, D. V. Gal'tsov an d M. Gutperle, Phys. Rev. D 66 (2002) 
024043 |arXiv:hep-th/0204071| . 

A. Buchel, P. Langfelde r and J. Walcher, Phys. Rev. D 67 (2003) 024011 
|arXiv: hep-th/02072 14~| . A. Buchel, P. Langfelder and J. Walcher, An- 
nals Phys. 3 02 (2002) 78 |arXiv:hep-th/0207235l . 

B. Mclnnes, |arXiv:hep-th/0205103| " 



13 



N. S. Deger and A. Kaya, JHEP 0207 (2002) 038 

|arXiv:hep-th/0206057| . 

J. E. Wang, JHEP 0210 (2002) 037 larXiv:hep-th/0207089| . 

C. P. Burgess, F. Quevedo, S. J. Rey, G. Tasinato and I. Zavala, JHEP 

0210 (2002) 028 larXiv:hep-th/0207104| . 

V. D. Ivashchuk, Class. Quant. Grav. 20 (2003) 261 

|arXiv:hep-th/0208101| . 

N. Ohta, Phys. Lett. B 558 (2003) 213 |arXiv:hep-th/0301095| . 

C. P. Burgess, P. Martineau, F. Quevedo, G. Tasinato and I. Zavala C, 

JHEP 0303 (2003) 050 |arXiv:hep-th/0301122|. 

S. Roy, JHEP 0208 (2002) 025 |arXiv:hep-th/0205198| . 

B. Chen, M. Li a nd F. L. Lin, JHEP 0211 (2002) 050 

|arXiv:hep-th/0209222 . 



[19] F. Leblond and A. W. Peet, |arXiv:hep-th/ 0303035 



[20] A. Buchel and J. Walcher, |aTXiv:hep-th/ 0305055 



[21] F. Leblond and A. W. Peet, |arXiv:h"ep^th/ 0305059 



[22] C. j. Kim, H B. Kim, Y. b. Kim and O. K. Kwon, JHEP 0303 (2003) 



008 


[arXiv:hep-th/0301076 


; c. j. 


O. K 


. Kwon, 


arXiv:hep-th/0301142. 



[23] B. Mclnnes, |arXiv:hep-th/0305107| 

[24] M. Gutperle and A. Strominger, JHEP 0204 (2002) 018 
|arXiv:hep-th/02022"To| . 

[25] J. Polchinski, "String Theory Vol. 2: Superstring Theory And Beyond," 
Cambridge, UK: Univ. Pr. (1998), p. 89. 



14 



